Several animal models are currently used in erectile (dys)function research; these models fail to account for the conditions involving the more spontaneous erections in humans. Recently, we observed an increase in the number of`spontaneously' occurring erections in rats with previous exposure to apomorphine (APO), a centrally acting drug that initiates penile erections and yawns. Based on this observation, we designed a series of experiments to characterize the development of enhanced, non-apomorphine-induced erections or`spontaneous' erectile responses to vehicle administration in rats with previous exposure to APO. We further examined the effects of castration on these conditioned erections.
Introduction
Erectile dysfunction is a condition that affects millions of males in the industrialized world, disrupting the quality of life of the individuals, their partners and families, in addition to affecting individual job performance. Stress and anxiety resulting from the inability to achieve an erection can further complicate the development and subsequent treatment of this condition. Thus, erectile dysfunction is considered a multifactorial disease, often requiring a multi-faceted approach to diagnosis and treatment.
A challenge facing research into erectile dysfunction is that of ®nding appropriate animal models to represent the various aspects of human penile erection. It is well documented that stimuli other than sexual stimulation can initiate erectile responses in humans. For example, rapid eye movement sleep is often associated with nocturnal penile tumescence and early morning erections are also a common occurrence. Therefore, it is bene®cial to explore the possibility of alternative stimuli in animal models. Currently, several rat models are used to examine erectile function, including cavernous nerve stimulation, copulation studies and administration of centrally acting pharmacological agents, such as apomorphine (APO). 1±4 These methods of assessing erectile function are useful in the study of general mechanisms and behaviours associated with penile erections, and have been shown to be applicable to investigate mechanisms involved in a range of conditions shown to be erectolytic. Electrostimulation of the cavernous nerve is performed in anaesthetized animals, 1 thus the resulting erectile response is initiated peripherally. Copulation and non-contact stimulus from estrous female rats result in centrally initiated or psychogenic penile erections in response to the stimulus of the female rat. 2, 5 Although this method appears to be the most natural means of inducing penile erections in experimental animals, it involves several variables (ie the female rats) and complex mating behaviours of which penile erection is only one component, thus making this model dif®cult to control. A model in which erections occur more spontaneously would therefore bene®t the ®eld of erectile (dys)function research.
Apomorphine, a non-selective dopamine (dopamine 1 and dopamine 2; D 1 aD 2 ) receptor agonist has been shown to induce penile erections and yawns primarily via D 2 receptors in the brain when administered in low doses (80 mgakg) to male rats. 3, 4, 6, 7 With this method, erectile function in the rats is assessed by determining the number of full erections resulting from the apomorphine (APO) administration. This characterization focuses primarily on the number of full erections rather than on differentiating partial erectile responses (i.e. genital licking without full emergence of the glans). An APO-induced erection has been shown to be a centrally initiated vascular event primarily mediated via activation of the sacral parasympathetic and the thoracolumbar sympathetic pathways. 8 Thus, Paick and Lee indicated that APO uses pathways which are similar to those involved in`psychogenic' (ie centrally mediated) erections. 8 Further, the erectile and yawning responses following APO and normal sexual responses have both been shown to have a testosterone dependency 4 in that castration dramatically decreases the frequency of response. Thus, APO can reliably elicit erections using pathways and hormonal inputs which are consistent with the`normal' processes. It is likely that what has limited this method of inducing penile erections from becoming a widely used reference model relates more to a perception of pharmacologic interference and that the erections are generated outside of copulation.
Recently, we found that repeated administration of APO (80 mgakg) to intact, male rats, resulted in the development of a conditioned response to the testing scenario wherein administration of vehicle under identical testing conditions generated spontaneous erectile and yawning responses. In the present study, therefore, our objective was to characterize this phenomenon. We performed experiments in both intact and castrated rats where the frequencies of both erections and yawns to intermittent vehicle administration were determined during a series of APO administrations.
Materials and methods

Animals
A total of sixteen male Wistar rats (Charles River, Quebec, Canada), divided into two groups of 8, weighing 325±350 g upon arrival were used in the experiment. The animals were housed in single cages in a climate-controlled facility with 12 h lightadark cycle with free access to standard rodent laboratory chow and water. The Queen's University Animal Care Committee approved all procedures. The rats were allowed one week following arrival for acclimation and handling by the experimenter.
Drugs
Apomorphine (APO) for injection was prepared (80 mgaml apomorphine hydrochloride, Sigma Chemical Co., St. Louis, MO) with ascorbic acid (100 mgaml) dissolved in physiologic saline (0.9% sodium chloride). Vehicle consisted of 100 mgaml ascorbic acid dissolved in physiologic saline.
Experimental procedure
The rat model of APO-induced erections used in this study is based on the model developed by Heaton et al 3 with some modi®cations to reduce animal stress in the testing environment. Brie¯y, animals were placed separately in hanging test cages with Plexiglas bottoms (to decrease foot irritation) in an isolated, dark and soundproof room and allowed to acclimate to the surroundings for 10 min. Each rat received an injection of APO (80 mgakg, l mlakg, subcutaneous) in the back of the neck. Erectile and yawning responses to APO were recorded for 30 min in an adjacent room via a video monitoring system. An erection was counted when the following behaviours were observed: display of a concave arching of the back followed by hip thrusts, full emergence of an engorged glans penis and distal shaft and immediate grooming of the genital area following ejaculation. Observation of only part of these behaviours was not counted as an erection, all behaviours were required to occur in sequence for an erection to be counted. A characteristic opening of the mouth associated with appropriate respiratory movement identi®ed a yawn.
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Study 1: testing schedule
Eight male rats (group 1) with no previous exposure to APO were subjected to the following schedule of consecutive APO administrations with intermittent vehicle administrations (Table 1 ; includes Study 2). All erectile and yawning response monitoring followed the protocol described in the experimental procedure. Following the 7 day acclimation and handling period (including exposure to testing cages), rats were administered vehicle prior to commencement of APO administration, and monitored for baseline erections and yawns (day 1). APO administration commenced the following day where rats were monitored for erectile and yawning response to APO on consecutive days (days 2, 3, 4), at the same time of day, under consistent testing conditions, to establish an average response over the 3 days. On day 5, rats were administered vehicle in place of APO at the same time of day and under consistent testing conditions and subsequent erectile and yawning responses were monitored. This was followed by 3 consecutive APO administrations (day 6, 7, 8) followed by a vehicle treatment on the 9th day. In a separate group of rats (group 2; n 8), 22 consecutive APO administrations were given followed by vehicle during the 23rd testing period. Erections and yawns were counted for 30 min following the vehicle administration.
Study 2: castration and conditioned responses
Following the APOavehicle testing schedule described in Study 1, the ®rst group of rats were castrated on day 9 following the vehicle testing. Brie¯y, rats were anaesthetized with ketamine (70mgakg), xylazine (5mgakg), and given buprenorphine (0.05mgakg) for post-operative analgesia, and treated with antibiotics. A midline scrotal incision was made, and testes were exposed. The seminiferous tubule and blood supply of the testicle were ligated with absorbable suture. The testicle was cut free distal to the ligature, the stump was cauterized and replaced into the scrotal sac, and the incision was closed using absorbable suture. This was repeated for the remaining testicle. The incision sites were cleaned daily for 7 days following surgery, and the animals were treated with antibiotic for 2 weeks following surgery. Rats were allowed 35 days for recovery and on day 45, administered APO and monitored for responses. This was repeated on days 46 and 47, on day 48 rats were administered vehicle in place of APO and monitored for responses.
Statistical analysis
The number of erections and yawns for the consecutive APO tests were pooled and the average of the three consecutive APO tests determined ( AE standard deviation). Responses to vehicle administration are expressed as averages ( AE standard deviation) for the eight rats during the particular 30 min test period. Statistical differences were determined using Student's t test with P 0.05 adjusted using the Bonferroni correction factor.
Results
Study 1: testing schedule
Determination of the number of erections and yawns obtained under each testing scenario revealed that here was an enhanced response to vehicle administration following repetitive administration of APO administrations ( Figure 1 ). On day 1, naõ Ève rats responded to vehicle with 0.75 AE 0.88 erections (4 of 8 rats with one or more erections) and no yawns in the 30 min observation period. After three consecutive days of APO administration, response to vehicle on day 5 consisted of 1.0 AE 0.76 erections (6 of 8 rats with at least one erection) and 1.13 AE 2.42 yawns. Following the ®nal three consecutive days of APO, Figure 1 Erectile and yawning responses to vehicle administration according to the number of previous APO administrations. *indicates signi®cant difference from initial vehicle administration (P`0.025 with Bonferroni correction factor).
A new animal model of erectile function SE Brien et al vehicle administration produced 1.13 AE 0.99 erections (6 of 8 rats with at least one erection) and 2.5 AE 2.47 yawns. The day 9 yawning response was signi®cantly different from the day 1 yawning response. In order to determine whether an increase in the number of APO administrations would further enhance the response to vehicle, in a separate group of rats (Group 2; n 8), the impact of 22 consecutive APO treatments over a three week period on a subsequent vehicle treatment was assessed. These rats showed a signi®cant increase in spontaneous erectile response of 1.8 AE 0.7 (7 of 8 rats with at least one erection) and the average yawning response was increased to 4.2 AE 2.5 ( Figure 1 ).
Study 2: castration and conditioned responses
Results from Study 2 are shown in Figure 2a and b. Although diminished compared to intact rats, castrated rats continue to have a small number of erectile and yawning responses following APO administration (erections: 0.5 AE 0.76, 4 out of 8 rats with at least one erection; yawns: 3.88 AE 3.23). After repeated APO administrations (n 3) following recovery from castration surgery, vehicle was administered according to the testing protocol. Erectile responses of the castrated rats to vehicle administration were only 0.13 AE 0.35 (1 of 8 rats with at least one erection) and yawning responses were absent. The conditioned response erections in the castrated rats were markedly attenuated compared to the conditioned response erections of intact rats following previous APO administrations.
Discussion
In characterizing the phenomenon of conditioned responses (ie yawns and erections) following repeated APO, there were several novel ®ndings. First, we found that naõ Ève rats in a low-stress testing environment have basal erectile responses to vehicle administrations. Secondly, repetitive administrations of APO results in an incremental enhancement of this erectile response such that, after 22 administrations, the overall response had increased to nearly 2 erections per observation period. We also found that the yawning response to vehicle, which was non-existent with the ®rst vehicle administration, increased signi®cantly with only six previous APO administrations, whereas conditioned erectile responses required more repetition in order to be as effective. Finally, the conditioned responses to vehicle were found to be testosterone dependent in that both conditioned yawns and erections were markedly attenuated following castration.
The occurrence of erections in naõ Ève rats in response to vehicle administration was not anticipated, although the ongoing optimization of the testing conditions was clearly a factor. The metal wire test cages used in this study had Plexiglas oors (with a number of drainage holes drilled through the material) covering the wire grid which were cleaned after each use, whereas the metal cages were cleaned once a week. Therefore, it is possible that the scent of urine, feces, ejaculate andaor pheromones of other rats, which persists in the metal cages andaor the testing room itself, could have triggered the initial, naõ Ève vehicle erectile response. Further, the presence of the Plexiglas oor instead of the wire grid reduced the stress of the rats during the testing period.
It can be suggested that the phenomenon of conditioned response erections occur according to Pavlovian principles and models of positive reinforcements and learned behaviors. Presentation of an`appetitive stimulus', ie a stimulus that is rewarded or positively reinforced, creates an association between the stimulus and its response. This association is a conditioned or learned response to A new animal model of erectile function SE Brien et al the positive reinforcer, and it has been shown that, during the conditioned response, there is increased dopamine release in the brain. Challenge with a neutral stimulus will result in the same response elicited by the appetitive stimulus if both stimuli are presented in the same physical context. 10 This is referred to as stimulus generalization, and the conditioned response to the neutral stimulus is also associated with increased dopamine release in the brain. 11 In the context of the conditioned response erections, the appetitive stimulus is the injection of apomorphine in the test cages under controlled conditions, which results in the response of penile erections and yawning. It is generally agreed that sexual responses and behaviours are natural, positive reinforcers, 12 therefore, in the context of the conditioned response erections, the positive reinforcer for the rats is achievement of penile erection. According to the stimulus generalization concept, the neutral stimulus is the injection of vehicle under the same physical conditions as those associated with apomorphine injection, which results in the same erectile response as that of the actual stimulus. Thus, the rats are conditioned to associate injection in the controlled environment with penile erection, thus resulting in an enhanced tendency for non-APO induced or spontaneous erections in the test setting.
Changes in endogenous dopamine release resulting from the repetitive induction of erections is likely, at least in part, for the enhanced frequency of conditioned response erections. As stated above, dopamine release in the brain is associated with responses to stimuli with positive reinforcers. During the vehicle injections, this dopamine release continues to occur in the presence of the neutral stimulus. Dopamine and dopaminergic drugs have been shown to be involved in male sexual behavior and the erectile and yawning responses to APO results from stimulation of dopamine type II (D 2 ) receptors in the brain. 6, 13 Therefore, it is possible that the dopamine release occurring in the conditioned response testing protocol to the neutral stimulus (vehicle injection) activates D 2 receptors in the same manner as APO activation, resulting in the central initiation of the erectile and yawning responses.
It is generally accepted that sexual function, and more speci®cally erections, are adversely affected by stress. 14 The testing scenario used in the present study was performed under conditions where extraneous stressors were minimized. However, within the APO testing scenario, several unavoidable stressors can be identi®ed, including transfer from home cage into a different cage, handling by experimenter, presence of other rats and the process of injection. The testing condition, although it involves APO-induced erectile responses, is also negatively in¯uenced by stress. The results from this study may indicate that the conditioned response erections may not be associated with the same level of central nervous system stimulation as with APO administration. Therefore, the activation of the erectogenic pathway via vehicle administration may be more susceptible to intrinsic stresses involved in the testing scenario.
Previously, studies found that castrated rats did not have erectile responses to APO administration. 15 In the present study, the occurrence of a small number of erections postcastration can be explained, at least in part, by a less vigorous or stressful testing milieu compared to the previous investigations (ie Plexiglas cage¯oors vs wire¯oors, less noise in testing area, longer duration of recovery following surgery, minimal transportation of animals). Although we have observed both APOinduced and conditioned response erections and yawns are dramatically diminished with castration, this effect must be further examined in order to fully elucidate the role of androgens in the conditioned response. The decreased response with castration likely suggests that the conditioned response is testosterone dependent; however, this should be veri®ed with dose-response testosterone replacement studies. Although testosterone replacement in castrated rats has been shown to return APO erections to pre-castration levels, 15 the restoration of conditioned response erections and yawns with testosterone replacement needs to be assessed.
This relatively simple study indicates that rats can be trained to have penile erections without pharmacologic manipulation. This study provides a basis for a new model for studying erectile (dys)-function devoid of some of the extraneous variables. In future studies, although time intensive, one direction to follow will be to more fully elucidate the relationship between the number of APO administrations and the magnitude of the conditioned response. In addition, further experimentation to assess the duration of the conditioned response would be of interest. Finally, characterization of the sensitivity of the conditioned responses to erectolytic experimental manipulation should be examined in parallel with other models such as APO induced erections.
